It is widely known that the analysis of trace elements is tricky and that the results obtained often vary according to the analytical technique chosen.
(PAR) in 250 mL Met Pac PAR post column reagent (Dionex). This reagent is the most widely used for the detection of transition metals and lanthanides [2] [3] .
The detector wavelength is 530 nm. The sample loop volume is 50 µL, the eluent flow rate is fixed at 1.2 mL/min and the post column reagent flow rate at 0.6 mL/min. The column backpressure is 1700 psi. Heavy metals concentrations are given in relation to calibration curves. Results are optimised by the software Peaknet 4.30 (Dionex).
The isocratic analytical separations of heavy metals requires less than 15 minutes.
Voltammetry: Anodic Stripping Voltammetry (ASV) and Adsorptive Stripping Voltammetry (AdSV)
The apparatus consists in a Radiometer MDE 150 polarographic stand, a Radiometer POL 150 as electric system and a software Trace Master 5 (Radiometer). The polarographic cell has the three electrode system: a dropping mercury electrode (working electrode) Radiometer A31K004, a silver/ silver chloride (3 M potassium chloride) reference electrode Radiometer B18C003 and a platinum auxiliary electrode Radiometer B18C002. A hanging mercury drop electrode (HMDE) is used in the differential pulse mode. The analysis of Zn 2+ , Pb 2+ , Cd 2+ and Cu 2+ was performed in KCl 0.1 M by anodic stripping voltammetry. One mL of soil sample is diluted in 7 mL of supporting electrolyte. The pH in the polarographic cell is 1.5. Nickel and cobalt measuring out are monitored by Adsorptive Stripping Voltammetry (AdSV) [4] . The difference between ASV and AdSV is situated at the preconcentration step during which a metal complex is realised with a ligand and is adsorbed onto the electrodesolution interface [4] . The response of AdSV is proportional to the concentration of the adsorbed complex (metal -ligand). The procedure involves adsorption of nickel and cobalt onto the HMDE as dimethylglyoximates (pH = 9.3) followed by a cathodic scan. Dimethylglyoxime (DMG) is the complexing agent of choice allowing very low detection of Ni 2+ (1 µg.L -1 ) and Co 2+ (0.4 µg.L -1 ) in the polarographic cell [5] [6] . 100 µL of soil sample is diluted in 7 mL of NH 3 /NH 4 Cl 1 M and 70 µL of DMG 0.1 M. The DMG solution is prepared daily by dissolution in ethanol. Cobalt and nickel are determined simultaneously. The experimental conditions for the polarographic procedures are summarised in [1, 7] . Cadmium concentrations are determined by a graphite furnace atomic absorption spectroscopy Varian Spectra AA-400-Zeeman graphite tube atomizer.
Heavy metals concentrations are given in relation to calibration curves. Standards are enriched with calcium, iron, aluminium to simulate matrix effects. Measures are realised by axial aiming. Samples are injected by pneumatic nebulizer.
Soils
Five types of soils are collected in april 1998: an agricultural soil (soil A), the same agricultural soil enriched with copper (CuSO 4 ) in 1992 (300 kg/ha) (soil B), the same soil enriched with copper and organic matter (30 t/ha) (Soil C),
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Original articles (1) or adsorption (2) [8] .
Chemical analysis of heavy metals in soils requires matrix destruction, particularly of siliceous materials. This can be ensured by using HF [9] . 250 mg of these different soils are digested with HF (5 mL) and HClO 4 (1.5 mL) in accordance with AFNOR standard NFX 31-147 procedure [10] . Because of the poor organic matter content, the pretreatment step with HNO 3 is cut out. Aliquots were taken up in hydrochloric acid (1 mL) and completed at 50 mL with de-ionised water for analysis.
Reagents
All reagents were of analytical Fluka grade purity: CuSO 4 [3] . Stock solutions (10 -2 M) of each heavy metal studied are prepared and required standards are prepared daily by appropriate dilution of the stock solution.
With the aim of avoiding any contamination, all glassware is rinsed with concentrated nitric acid and with deionised water before use. Water is purified with a Milli-Qsystem (MILLIPORE) and has a specific resistance of 18 megohms-cm. This water is used for all sample and solution preparations.
Results and discussion for the two analytical methods tested Ion Chromatography
As indicated before, it is necessary to use two eluent systems to separate all the peaks of the heavy metals studied as we can see in figures 1 (PDCA) and 2 (oxalic acid and Mn 2+ are eluted. Lead and cadmium elute as well with PDCA but under these conditions, they are so strongly bound to the PDCA complexing agent that they are not sensitively detected by the post column reagent. This eluent presents also the advantage to separate manganese and
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Original articles cadmium but in regard to the reasons mentioned above cadmium is not detected in our samples. As we can see, with the PDCA eluent, the ferric concentration is very high compared to other metals and reaches about 25000 mg/kg (125 mg.L -1 ) while other metals have concentrations close to 50 mg/kg (0.25 mg.L -1 ) (excepted manganese). Therefore the ferric peak disturbs copper and nickel peaks integration. Dilution is not possible because of limit detections problems and a gradient with water was tested without success.
With the oxalate eluent, which is a moderate strength complexing agent, it is possible to detect lead and cadmium. But these two metals can't be measured in our samples. Indeed, cadmium co-elute with manganese. But we admit that the presence of cadmium doesn't over-estimate manganese concentration because manganese is much more concentrated (700 mg/kg) than cadmium (0.2 mg/kg) in soils. And lead's peak is not well separated therefore lead can't be measured by ion chromatography in our soil samples. Copper and nickel are analysed with oxalic acid.
Fe 3+ , not eluted, disrupts the baseline and a column cleaning with PDCA is often required to remove the excess of Fe 3+ . We also encounter important matrix effects as shown on figure 2. Interferences due to the sample matrix is common in ion chromatography especially when a large quantity of alkali and alkaline earth metals are present [11] . Therefore the use of the both eluent systems is necessary to obtain all the elements with different retention times [8] , they are complementary. This disrupting of the baseline doesn't allow measuring out exactly cobalt and lead concentrations with this technique as we could see that in the following discussion with the comparison with polarographic and atomic techniques.
Anodic stripping voltammetry and adsorptive stripping voltammetry
With the Anodic Stripping Voltammetry method, we can easily detect Zn 2+ , Cd 2+ , Pb 2+ and Cu 2+ at very low concentrations with very good correlation coefficients (Fig. 3) . Same results were obtained by other teams [12] [13] [14] . Each transition metal is measured only in its corresponding window to avoid interferences and intermetallic complexes formation. Zinc, cadmium lead and copper analysis is performed with 1 mL of sample in 7 mL of KCl 0.1 M. Such a dilution is necessary to increase the pH in the polarographic cell at 1.5 and to avoid capillary block up.
No problems are encountered for lead and zinc analysis. Zn 2+ rate was high enough to stand higher than the negative wall limits (at -1050 mV) that arises from the reduction of water to give hydrogen [15] . Cadmium analysis needs a long deposition time (15 minutes) because of it's very low rate (0.2 mg/kg corresponding to 1 µg.L -1 ).
For nickel and cobalt analysis (Fig. 4) , the largest separation between the cobalt and nickel peaks requires a 1 M
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Original articles buffer solution [5] . The concentration of DMG used is also a parameter of importance. The cobalt peak increases substantially with increasing DMGH 2 concentration while the nickel peak decreases slightly as the concentration of the chelating agent increases. On the other hand, the resolution between nickel and cobalt peak decreases as the DMGH 2 concentration increases. Best results and a linear response to standard addition are obtained for a concentration of 8.10 -4 M for DMGH 2 in the polarographic cell.
Comparisons between voltammetric, ion chromatographic and ICP-AES determinations Copper and zinc
For copper, a very good agreement is found between ion chromatography with the oxalic acid eluent and atomic emission spectroscopy (Table V) . Nevertheless ASV measurements give concentrations 2.5 to 3 times higher than the ICP-AES and IC results. This can be explained because of the high rate of iron in soil samples. Indeed with potassium chloride as a supporting electrolyte, the waves for Fe 3+ and Cu 2+ interfere with one another [15] .
For zinc, the three analytical techniques give similar results.
Lead
About lead, we obtain a good correlation between ASV and ICP -AES results (Table VI) . Ion chromatography measurements weren't exploitable. Indeed Pb 2+ is detected with the oxalate eluent system but the peak is not correctly resolved and the lead amount is not sufficient to stand higher than the baseline noise. We have baseline perturbations for the first retention times.
Cadmium
This metal is in very low concentration in our samples, therefore only two methods were able to detect it : ASV and AAS. Both analytical techniques give similar results (Table VI) . Cadmium co-elutes with manganese in oxalic acid eluent and is not detected with PDCA without enrichment process.
Manganese
Manganese is only analysed by ICP -AES and ion chromatography with the PDCA eluent system and with the oxalic acid eluent system (Table VI) . The first eluent system named gives concentrations 15 to 20 % lower than the results obtained by ICP -AES while the second eluent system named gives good agreements considering that manganese concentration is 3000 times higher than cadmium concentration.
Nickel and Cobalt

Nickel
The eluent of choice in view of the matrix effect in ion chromatography is the oxalic acid eluent. Very good agreement is found between ion chromatography and ICP-AES (Table VII) . Results are similar as well with AdSV technique, but just a little bit more unsettled because of the
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Original articles presence of nickel in the blank. The current of the blank signal is 60 nA against 180 nA with the sample signal (Fig. 4) .
Cobalt
Ion chromatography analysis of cobalt is performed with the PDCA eluent. Both techniques, ion chromatography and AdSV give a cobalt rate nearly reduced by half compared to ICP-AES (Table VII) . Further investigations are necessary to explain such a difference.
Conclusion
Ion chromatography offers the advantage to reveal in one injection the presence of several heavy metals in the sample. And this technique is accurate on approval to chose the appropriate eluent and to take care of matrix interferences.
Using ASV, a long time is required for complete electrodeposition. This very long time is not a great interest for a routine method. But ASV or AdSV is inescapable techniques for ppb detection limits without enrichment process.
On the contrary, with IC or ICP -AES determinations, it is possible to have many heavy metals detected in a short time, with good agreement between the two techniques excepted for cadmium which has a low level and for cobalt that doesn't give the same results with these two techniques. 
